While the light transmission of photonic crystals is characterized by the photonic band gap, the one of disordered photonic structures is typified by a multiplicity of transmission depths. The total transmission over a range of wavelengths is related to the width of such range, but also to the type of disorder. Less homogeneous disordered structures transmit more light than the ordered counterpart regardless of the wavelengths range width. More homogeneous disordered structures transmit more light than the ordered counterpart only above a certain value of the width. We studied this behaviour with a statistical analysis over 5000 permutations of structures for each wavelength width and for each homogeneity degree (Shannon-Wiener index).
Introduction
The photonic crystals are characterized by the periodicity of refractive index materials presenting the most homogeneous structure. Altering the periodicity of the high and low refractive index materials we made photonic materials with a disorder level. The optical behaviour of a photonic crystal is characterized by an energy region in which light is not transmitted, the photonic band gap [1] [2] [3] [4] [5] [6] , and the energy regions that are transparent. In disordered photonic materials transmission valleys occur all over the studied energy range [7] [8] [9] [10] [11] [12] . Thus, the light transmission, integrated in a certain energy interval, is related to the disorder of the structure. Indeed, the width of such energy interval is important in such comparison (e.g. within the photonic band gap region of the periodic photonic crystal). For example, it has been theoretically and experimentally demonstrated that disordered onedimensional multi-layered photonic structures, in which the disorder arises via a random variation of the layer thicknesses, show a lower total transmission with respect to the corresponding periodic photonic crystal [13, 14] . However, it has been demonstrated that the total transmission is also related, among the disordered photonic structures, to the homogeneity of the structures (in one dimension [15, 16] and in two dimensions [17] ). In the two-dimensional case, we observed a decrease of the total transmission by reducing the homogeneity, i.e., lower Shannon-Wiener index [17] . In the one-dimensional case, the total transmission increases by reducing the homogeneity; moreover, we observed that the total transmission for the most homogeneous disordered structures is lower with respect to the total transmission of the periodic photonic crystal [16] . In this work, we have studied the total light transmission through a periodic one-dimensional photonic crystal and disordered structures keeping constant the same number of high and low refractive index layers. For each degree of homogeneity (i.e. Shannon-Wiener index value) we compute 5000 different permutations of the layer sequence. We observed that less homogeneous disordered structures transmit more light than the ordered counterpart regardless of the wavelengths range width, while more homogeneous disordered structures transmit more light than the ordered counterpart only above a certain value of the width.
Methods
The periodic photonic crystal is composed by 16 unit cells, in which each unit cell include a 75 nm thick layer of TiO2 and three 75 nm thick layers of SiO2 (indeed, this is equivalent to a SiO2 layer with a thickness of 225 nm). The disordered structures have been generated by the permutations of the sequence of the 64 layers and by measuring for each sequence the Shannon-Wiener index [18] of the sequence, given by the equation:
(1).
In the equation pj is a proportion of the TiO2 layers in the jth unit cell and s is the number of unit cells in the photonic structure. Dividing by log(s) normalizes the index in the range (0,1). The Shannon index has been widely employed in diverse research areas, as information theory [19, 20] , statistics [21] , statistical mechanics and physics [22] , ecology [23] [24] [25] , microbiology [26] . We chose two values of Shannon-Wiener index for the disordered photonic structures, corresponding to less homogeneous structures (H'=0.5507) and to more homogeneous structures (H'=0.9375). Thus, the script we wrote selected only the structures with these two values of Shannon-Wiener index (we report the script, written in MATLAB, in the Appendix).
To study the light transmission of the structure we assumed the incoming light to be at normal incidence. For a transverse electric (TE) wave the transfer matrix [16, [27] [28] [29] for the kth layer is given by
with nk the refractive index and dk the thickness of the layer. The matrix for the multilayer (of s layers) is given by the product
. The transmission coefficient can be written as
with ns the refractive index of the substrate (1.46) and n0 the refractive index of air. Thus, the transmission is
The total transmission tT is given by the integral
where ! is the wavelength corresponding to the photonic band gap centre and HW is the half width of the spectral window that we considered. The integral is performed with a wavelength step of 1 nm.
Results and Discussion
The transmission spectrum of the periodic photonic crystal that we have selected is depicted in Figure 1a (black curve). For this structure ! = 1054 and we denoted this wavelength in Figure 1a . (b) Light transmission spectrum for the structure with H'=0.5507 (black curve) and the region in which the total transmission is integrated for = 166 .
In Figure 1b the red lines denote the interval in which the total transmission is integrated, for the case of = 166 . In this study we selected five values for HW: 166 nm (that corresponds to the half width at half maximum of the photonic band gap), 180 nm, 200 nm, 300 nm and 400 nm. In Figure 2 we show the total transmission frequency distributions for the different window bandwidths around the band gap (HW values) for the photonic crystal with H'=0.5507. The vertical red line indicates the mean value of the total transmission. Range, mean values and related standard deviations are reported in Table 1 . The total transmission frequency distributions for the photonic material H'=0.5507 are bell shaped with a slight left skewness, i.e. values lower than the mean are slightly more probable. In Figure 3 we reported the total transmission frequency distributions as a function of the window bandwidths around the band gap for the photonic crystal with H'=0.9375. The vertical red line indicates the mean value of the total transmission. Range, mean values and related standard deviations are reported in Figure 3 , where we see a more pronounced right tale). Such left skewness could be ascribed to the fact that the lowest total transmission values are close to zero and thus the distribution is necessarily without the left tail. In Figure 4 we depict the total transmission as a function of the half width of the observed wavelength range HW. The circle blue curve represents the data of the structure with H'=0.5507; the diamond red line represents the data of the structure with H'=0.9375; the X sign black line represent the data of the periodic photonic crystal. Inset: magnification of the plot in the half width range 164 nm -182 nm. In the magnification we highlight the crossover between the total transmission of the periodic photonic crystals and the disordered structure with H'=0.9375. Within the photonic band gap region ( = 166 ), the mean total transmission for the disordered structure with H'=0.9375 is higher than the one of the 
Conclusion
In this work, we have studied the total light transmission through a periodic one-dimensional photonic crystal and disordered structures keeping constant the same number of high and low refractive index layers and changing the homogeneity of the disordered structures. For each degree of homogeneity (i.e. Shannon-Wiener index value) we have computed 5000 different permutations of the layers sequence. We have observed that less homogeneous disordered structures transmit more light than the ordered counterpart regardless of the wavelengths range width, while more homogeneous disordered structures transmit more light than the ordered counterpart only above a certain value of the width. 
